This paper is aimed at reducing the electric fields underneath extra high voltage direct current transmission lines using grounded shield wires. Two extra high voltage direct current transmission lines are modeled and analyzed. One line is homopolar and the other is bipolar, both are operating at 400 kV. The electric field calculated at the ground level for the two transmission lines with and without grounded shield wires. In addition, the right-of-way limits for those transmission lines according to the maximum allowable electric field strength are calculated. The charge simulation method is used for calculating electric fields underneath the lines with and without grounded shield wires.
Introduction:
In recent years, extra high voltage direct current (EHVDC) transmission lines became widely used for transmission of electrical energy because it has many advantages compared with EHV ac transmissions [1] . Consequently, the possible effects of electric fields underneath EHVDC lines received an increasing interest in research studies, e.g. electric field induction and short circuit currents through conducting objects (e.g. parallel metallic fences and large vehicles), the electric field environmental impact on people and electric field interaction with human beings near power lines [2] . Consequently, a precise calculation of the electric field underneath overhead transmission lines became a very important task in transmission line design. The electric and magnetic field effect of operating transmission lines is an important issue that the electric utility engineer is most often required to respond to regarding the potential hazards due to the public exposure to these fields. The effect of long term or chronic exposure to electric fields is currently under study in several countries. Several studies have reported that children living near high voltage transmission and distribution lines had a higher cancer and leukemia incidence than other children [3] did. However, limited studies have been reported regarding adults who live near high voltage transmission and distribution lines. Higher cancer incidence was observed than other adults. In addition, various lines of research have suggested that exposure to electromagnetic fields could lead to DNA damages in cells under certain conditions [4] . Effects depend on factors such as the mode exposure, the type of cell and intensity and duration of exposure. Overhead transmission lines require strips of land to be designed as right of way (ROW). These ROWs can also support other uses besides the transmission line. Increasing the amount of power transmitted requires higher voltages, therefore the transmission corridors are increased, and in turn, the competition for land and ROW increased. As voltages reach the HV and EHV levels, wider ROW than that required by normal design codes may be requested by regulatory agencies. This decreases the multiple use possibilities of any ROW and further creates pressure to minimize the amount of land set a side for a high voltage transmission line. The reduction of the electric field at ground level is the most direct objective of efforts to minimize the field effects of HVDC lines [11] . In fact, most electric field effects occur close to ground level and are function of the magnitude of the unperturbed electric field at one meter above ground. Some state regulatory staffs are considering control of electric field effects by controlling the maximum allowable electric field at the edge of the ROW. [8] . For these above reasons, electric field must be reduced to overcome its harmful effects on the people living or work nearby the transmission lines. One of the approaches is to use grounded shield wires underneath the line conductors [5] [6] [7] [8] [9] [10] [11] . This is the main objective of the present paper. For a simple physical system, it is usually possible to find an analytical solution. However, in many problems the physical systems are so complex that it is extremely difficult, if not impossible, to find analytical solutions. Hence, in such cases numerical methods employed for electric field calculations. The existing numerical methods include the Finite Difference Method (FDM), the Finite Element Method (FEM), the charge simulation Method (CSM), the Surface Charge Simulation Method (SCSM).The Surface Charge Simulation Method (SCSM) often called the Integral Equation Method (IEM). CSM has many advantages when compared with the other numerical methods for calculating electric fields Therefore, the charge simulation method is used in this paper for calculating electric fields underneath homopolar and bipolar EHV transmission lines with and without grounded shield wires.
Method of Calculating Electric Field:
The idea of CSM [12, 13] is very simple. For the calculation of electric fields, the distributed charges on the surface of the electrode are replaced by N number of fictitious charges placed inside the electrode at a radius R f as shown in Fig.1 In order to determine the magnitudes of the fictitious charges, some boundary points are selected on the surface of electrode. The number of boundary points is selected equal to the number of fictitious charges. Then it is required that at any one of these boundary points the potential resulting from superposition of effects all the fictitious charges is equal to the known electrode potential. Let, Q j is the jth fictitious charge and V is the known potential of the electrode. Then according to the superposition principle,
Where P ij is the potential coefficient, which can be evaluated analytically for different types of fictitious charges. When Eq. (1) Equation (2) solved for the unknown fictitious charges. As soon as the required charge system is determined, the potential and the field intensity at any point, outside the electrodes can be calculated. While the potential is found by Eq. (1), the electric stress components are calculated by superposition of all the stress vector components. For a Cartesian coordinate system, the x, y coordinate E x and E y would then be for a number of N charges
Where (f x ) ij , (f y ) ij are "field intensity coefficients" in the x and y direction. 
Results and Discussions:
A. Case study 1: A 400 kV homopolar transmission line with and without grounded shield wires: 1) Without grounded shield wires
The charge simulation method is applied to the 400 kV homopolar transmission line shown in Fig. 2 . The radius of pole conductors R c is 0.0383m, the clearance d between poles is 22m and the height H is a variable parameter. The number of simulation line charges per conductor equals six. The simulation charges are arranged around a cylinder of radius equal to 0.05R c . The potential error at
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selected contour points does not exceed 0.001%. Fig.3 shows the electric field at 1m height above the ground level for the configuration shown in Fig.2 . The maximum field strength at 400 kV applied voltage is found to be about 14.2 kVm -1 and corresponds to minimum ground clearance H=10 m. Increasing the line height is the most effective parameter in line design, which reduces the maximum field stress at ground. -1 respectively. It is clear that as the line height increases, the maximum field decreases with a significant amount within the transmission line corridor. Outside the line corridor, it is influenced by a completely different way. Table 1 lists the ROW widths for the transmission line configuration shown in Fig.2 for different line heights and the corresponding electric field stress at the border of ROW. 
2) With grounded shield wires
The charge simulation method is applied to the transmission line shown in Fig. 4 . The radius of pole conductors R c is 0.0383m, the clearance d between poles is 22m, and the height H is 27m from conductor to ground. The radius of shield wires r sh is 0.0039m; the spacing between grounded shield wires is S and the height from shield conductor to ground H s . The number of simulation line charges for both pole conductors and shield wires is equal to six. The simulation charges are arranged around a cylinder of radius equal to 0.05R c for pole conductors and 0.05r sh for shield wires. The potential error at selected contour points on the line conductors and grounded shield wires did not exceed 0.001%. Different number of grounded shield wires, different spacings S between grounded shield wires and different heights H s from ground to grounded shield wires are studied. Figures 5 and 6 show plots of the electric field at 1m height above the ground level for the configuration shown in Fig.4 at H s =15m with different number n s of grounded shield wires and spacings S=1m, 6m between shield wires. From figures 5 and 6 it is clear that the maximum electric field decreases with the increase of the number ns of shield wires increase and the spacing S in between. Table 2 lists the ROW for the transmission line shown in Fig. 4 for S 1 and 5m and its percentage reduction due to the presence of shield wires. In Fig. 8 , the maximum electric field stress is 3.3kVm -1 without shield wires. It decreases with the presence of shield wires and becomes 1.86, 1.7 and 1.6 kVm -1 for 1, 2 and 3 wires, respectively. With the increase of n s above three, there is no noticeable reduction change in maximum electric field. With the increase of the number of grounded shield wires over three, there is no noticed change in maximum electric stress. In addition, Fig. 9 shows the electric field distribution at 1m above the ground level with 3m spacing between shield wires.
Proceedings of the 6 th ICEENG Conference, 27-29 May, 2008 EE185 -11 Table 3 lists the ROW for the transmission line shown in Fig. 7 for S=1, 3m and its percentage reduction due to presence of shield wires. It is noted from the table that the saving of ROW in case of bipolar transmission line with three shield wires equal three and spacing S of three meters reaches up to 44%.
Conclusions:
1-The maximum electric field at the ground level (1m above ground surface) for homopolar and bipolar transmission lines decreases with the increase of the spacing S between shield wires irrespective of the height H s and the number n s of wires. 2-The maximum electric field at the ground level (1m above ground surface) for homopolar and bipolar transmission lines decreases with the increase of the number n s of shield wires whatever the spacing S or the height H s of the grounded wires. 3-The ROW of homopolar and bipolar transmission lines decreases with the increase of the number n s of shield wires whatever the spacing S or the height H s of the wires. 4-The ROW of homopolar and bipolar transmission lines decreases with the increase of the spacing S between shield wires irrespective of the height H s and number n s of grounded wires.
